INT J TUBERC LUNG DIS 3(9):830-837 
' © 1999 IUATLD 



DJ 



Direct detection and identification of Mycobacterium 
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: SUMMARY 



SETTING: Peptide nucleic acid (PNA) probes designed for 
specific detection of mycobacteria of the Mycobacterium 
tuberculosis complex (MTC) and other non-tuberculous 
mycobacterium species (NTM) are shown to be able to 
penetrate the mycobacterial cell wall and subsequently 
hybridize in situ to complementary rRNA. 
OBJECTIVE: To demonstrate the use of fluorescein- 
labelled PNA probes for detection and identification of 
M. tuberculosis in smear-positive sputum samples. 
DESIGN: The sensitivity and specificity of the PNA probes 
were investigated by fluorescence in situ hybridization 



(FISH) using cultures of mycobacterium strains repre- 
senting species of the MTC and NTM, respectively. 
results: M. tuberculosis strains were detected by FISH 
using specific fluorescein-labelled PNA probes directly in 
smear-positive sputum samples without changing the mor- 
phology of the cells. 

CONCLUSION: PNA probes allow for rapid diagnosis of 
tuberculosis in smear-positive cases. 
KEY WORDS: PNA: TB; FISH; diagnosis; Mycobacte- 
rium tuberculosis 



TODAY TUBERCULOSIS is still the largest cause of 
death caused by single infections. 1 - 2 Individuals with 
pulmonary tuberculosis are highly infectious and re- 
quire immediate isolation and initiation of antitubercu- 
losis therapy. 3 Early laboratory diagnosis of tuberculosis 
relies on an initial microscopic examination of sputum 
smears stained for acid-fast bacilli (AFB), the presence 
of which is the first indication of possible Mycobacte- 
rium tuberculosis infection. The final diagnosis, how- 
ever, must await species identification, which in many 
cases involves several weeks of culturing. 4 

In recent years, molecular methods based on target 
amplification have become available for identification 
of M. tuberculosis in smear-positive sputum samples. 
Molecular methods based on in situ hybridization of 
labelled probes to microbiological targets are consid- 
erably different, as they do not require amplification 
of the target prior to detection. Thus detection and iden- 
tification of mycobacterium species are performed di- 
rectly on the sputum samples. 

Peptide nucleic acids (PNAs) are pseudo-peptides 
with DNA-binding capability. These compounds were 
first reported in the early 1990s in connection with a 
series of attempts to design nucleotide analogues 
capable of hybridizing, in a sequence-specific fashion, 
to DNA and RNA. 5 - 7 



Hybridization of PNA to DNA and to RNA has 
been shown to obey the Watson-Crick base pairing 
rules, and PNA has been found to hybridize to a DNA 
or RNA target with higher affinity and specificity 
than their nucleic acid (NA) counterparts. 8 These prop- 
erties are ascribed to the uncharged structure of the 
PNA backbone, and to the high conformational flex- 
ibility of the PNA molecules. 7 

The relative hydrophobic character of PNA as com- 
pared to DNA and RNA might be particularly useful 
in diagnostic applications where access of detection 
probes to their molecular target will depend upon effi- 
cient diffusion of the probe through a hydrophobic en- 
vironment, such as a cell wall, under sufficiently mild 
conditions for the morphology of the cell to be pre- 
served. Maintenance of cell morphology is particularly 
important for applications where simple microscopic 
examination of a specimen is desirable. One such ex- 
ample of a potentially important, so far unexploredy di- 
agnostic application is the use of PNA for direct, spe- 
cific detection of M. tuberculosis in sputum samples 
where maintenance of bacterial morphology is a crucial 
factor for microscopic examination. Applied probes 
must therefore be able to diffuse through the hydropho- 
bic cell wall of mycobacteria under conditions which 
do not lead to disruption of the bacterial morphology.' 
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DNA probes have been tested for in situ detection of 
mycobacterium species, but this application has not 
been developed into a practical diagnostic test. 10 - 11 

In the present paper we present the use of PNA 
probes for specific detection of mycobacteria of the 
M. tuberculosis complex (MTC) and other non- 
tuberculous mycobacterium (NTM) species by fluo- 
rescence in situ hybridization. The method is applied 
for detection of M. tuberculosis directly in sputum 
smears. The results obtained suggest that this new 
molecular method for laboratory diagnosis of tuber- 
culosis is adaptable with current microscope tech- 
niques routinely used in the majority of clinical 
microbiology laboratories, hereby allowing them to 
make a final confirmation of M. tuberculosis on smear- 
positive cases. 

MATERIALS AND METHODS 

Clinical specimens 

Two smear-positive sputum specimens from patients 
with clinical signs of tuberculosis were collected at the 
Ramathibodi Hospital, one of five medical centres in 
Bangkok, Thailand, serving a metropolitan popula- 
tion with a high prevalence of tuberculosis. 12 

Preparation of smears 

Sputum specimens were smeared onto microscope 
slides and flame-fixed according to standard proce- 
dures for acid-fast staining. 4 Further inactivation of 
mycobacteria was carried out by incubating the slides 
at 80°C for 2 hours in a laboratory incubator. There- 
after, the slides were slowly cooled overnight to room 
temperature by switching off the incubator. 

Mycobacterium species 

M. tuberculosis (ATCC no. 25177), M. bovis BCG 
(ATCC no. 35734), M. avium (ATCC no. 25292), M. 
intracellular (ATCC no. 13950), and M. kansasii 
(ATCC no. 12479) grown on Dubos broth (Statens 
Serum Institut, Copenhagen, Denmark) were used as 
controls. The cultures were sedimented by centrifuga- 
tion and subsequently resuspended in phosphate buff- 
ered saline (PBS), smeared onto microscope slides, and 
flame-fixed. 

PNA synthesis and labelling 

PNA probes were synthesized by use of an Expedite 
8909 Nucleic Acid Synthesis System purchased from 
PerSeptive Biosystems (Framingham, MA, USA). The 
PNA oligomers were terminated with either two 
(3-alanine or one lysine and, before cleavage from the 
resin, labelled with 5(6)-carboxyfluorescein at the 
P-amino group of alanine or e-amino group of lysine, 
respectively. Probes were purified by reverse phase 
high performance liquid chromatography (HPLC) at 
50°C and characterized using a G 2025 A MALDI- 



TOF MS instrument (Hewlett Packard, San Fernando, 
CA, USA). The molecular weights determined were 
within 0.1% of the weights calculated. 

In situ hybridization 

Smears were immersed in 80% (v/v) ethanol for 15 
minutes and subsequently air-dried. Air-dried smears 
were covered with approximately 20 |xL of hybridiza- 
tion solution containing 10% (w/v) dextran sulphate 
(Sigma Chemical Co., St. Louis, MO, USA), 10 mM 
NaCl (Merck, Darmstad, Germany), 30% (v/v) form- 
amide- (Life Technologies, Gaithersburg, MD, USA), 
0.1% (w/v) sodium pyrophosphate (Merck), 0.2% 
(w/v) polyvinylpyrrolidone (Sigma), 0.2% (w/v) ficoll 
(Sigma), 5 mM Na 2 EDTA (Merck), 0.1% (v/v) Triton 
X-100 (Serva, Heidelberg, Germany), 50 mM Tris/ 
HC1 pH 7.5, 1 uJM of a non-labelled, non-target PNA 
probe, and 25-100 nM fluorescein-labelled PNA probe 
(see Figure legend for concentration). Coverslips were 
put on the samples in order to ensure even coverage 
with the hybridization solution and were subsequently 
placed in a moist chamber and incubated for 1.5 
hours at 55°C. Handling of the smears and solutions 
was carried out using gloved hands to avoid ribonu- 
clease contamination. Whenever possible, equipment 
was heat-treated, and solutions were exposed to 1 uL/ 
mL diethyl-pyrocarbonate (Sigma) in order to inacti- 
vate nucleases. 13 

Following hybridization, the coverslips were re- 
moved and the slides were submerged into prewarmed 
5 mM Tris/HCl, 15 mM NaCl, 0.1% (v/v) Triton X- 
100 (pH 10) in a waterbath at 55°C and washed for 
30 min. The slides were then cooled to room temper- 
ature by brief immersion in H 2 0. 

The sputum smears were finally mounted with one 
drop of IMAGEN™ Mounting Fluid (DAKO, Glos- 
trup, Denmark) and covered with coverslips. 

Microscope examinations were conducted using a 
fluorescence microscope (Leica, Wetzlar, Germany) 
equipped with a 100X/1.30 oil objective, an HBO 
100 W mercury lamp, and an FITC/Texas Red dual 
band filter set (Chroma Technology Corp., Brattle- 
boro, VT, USA). 

Nucleic acid preparation 

Genomic DNA was prepared from M. intracellular 
(ATCC no. 13950) and M. bovis (ATCC no. 35734). 
Cells grown in Dubos broth were washed in PBS, sed- 
imented by centrifugation and stored at -80°C. Cell 
lysates were prepared by resuspending cell pellets (10 
mg) in 300 uL of 370 mM NaCl and vortexing vigor- 
ously for 2 minutes in the presence of approximately 
50 |xL of acid-washed sand and .300 |.i.L of buffer- 
saturated phenol, pH 8.0 (Gibco/BRL, Paisley, UK). 
After phase separation (10 min at 15000 X g) the 
aqueous phase was reextracted once with buffer- 
saturated phenol (pH 8.0), once with buffer-saturated 
phenol:chloroform:isoamylalcohol (25:24:1, pH 8.0) 
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(Gibco/BRL) and once with chloroform. Nucleic acids 
were precipitated with ethanol and recovered by cen- 
trifugation (10 min at 15000 X g at 4°C). After wash- 
ing with 70% ethanol each nucleic acid pellet was 
redissolved in 50 \iL TE-buffer (10 mM Tris-HCl [pH 
7.5], 1 mM EDTA). 

PCR amplification of rDNA for sequencing 
The design of oligonucleotide primers for PCR 
amplification of M. intracellulare and M. bovis 23S 
rDNA sequences was based on published sequences 
of M. avium (GenBank accession no. X74494) and 
M. tuberculosis (GenBank accession no. Z73902) 
23S rDNA. For direct sequencing of PCR products, 
one primer in each pair was tagged with biotin at the 
5' end. PCR products for cloning were generated 
with primers lacking 5'-modifications. The PCR 
reaction mixtures included 50 mM KC1, 10 mM Tris- 
HCl (pH 9.0), 0.1% Triton X-100, 1.5 mM MgCl 2 , 
500 u.M of each oligonucleotide primer, 200 mM 
each of dNTPs, and 2.5u Taq polymerase (Promega, 
Madison, WI, USA) in 50 uL reaction volumes. 
Cycling conditions were as follows: 35 cycles at 
94°C (1 min), 60°C (1 min), 72°C (1 min), followed 
by a final 10 minute elongation step at 72°C. The 
thermal cycler used was Omn-E (Hybaid, Middle- 
sex, UK). All PCR amplification reactions gave rise 
to strong singular bands when analysed by agarose 
gel electrophoresis. 

Cloning of PCR products for sequencing 
PCR products were cloned in the pCR 2.1 vector using 
the TA Cloning Kit from Invitrogen (Carlsbad, CA, 
USA): one microlitre of each PCR product was mixed 
with 50 ng of the pCR 2.1 vector and incubated for 
16 hrs at 14°C in the presence of 6 mM Tris-HCl, pH 
7.5, 6 mM MgCl 2 , 5 mM NaCl, 0.1 mg/mL bovine 
serum albumin, 7 mM B-mercaptoethanol, 0.1 mM 
ATP, 2 mM dithiothreitol, 1 mM spermidine and 1 
u.L (4 u) T4 DNA ligase (Invitrogen). Following liga- 
tion, 2 (xL of each reaction were mixed with 50 u.L of 
competent TOP10 F' cells (Invitrogen), and incu- 
bated for 30 min on. ice. The cells were heat-shocked 
at 42°C for 30 seconds and placed on ice. The cells 
were transferred to 250 uL SOC medium (2% tryp- 
tone, 0.5% yeast extract, 10 mM NaCl, 2.5 mM KC1, 
10 mM MgCl 2 , 10 mM MgS0 4 , 20 mM glucose) and 
incubated for 1 hour at 37°C with shaking. Fifty 
microlitres from each transformation were spread on 
LB agar plates (1% Tryptone, 0.5% yeast extract, 
170 mM NaCl, 1.5% agar) containing 100 u.g/mL 
carbenicillin and incubated for 16 hours at 37°C. Col- 
onics were picked and grown in 5 mL LB medium 
supplemented with 100 pg/mL carbenicillin for 16 
hours at 37°C with shaking. Plasmids were prepared 
from the cultures using QIAprep spin-columns 
(Qiagen, Hilden, Germany). 



Preparation of single-stranded PCR 
products for sequencing 

Streptavidin-coated Dynabeads (Dynal, Norway) 
(200 pg/DNA preparation) were washed in 1 X bind- 
ing and washing buffer (B&W buffer) containing 10 
mM Tris-HCl, pH 7.5, 0.5 mM EDTA and 1 M NaCl, 
and resuspended in 40 ixL 2 X B&W buffer. An equal 
volume of crude biotinylated PCR product was added 
and incubated for 15 minutes at room temperature. 
The beads were immobilised at the side of the tube by 
use of a magnet, and the supernatants were removed. 
After washing in 1 X B&W buffer, beads were resus- 
pended in 0.1 M NaOH in order to denature the cap- 
tured DNA. The beads were subsequently washed once 
in 0.1 M NaOH and once in TE buffer, and finally 
resuspended in 20 p,L H 2 0. Twenty microlitres of bead- 
bound single-stranded PCR product were used for 
each sequencing reaction. 

DNA sequencing 

In all cases, sequences were determined" for both 
strands using cy5-labelled oligonucleotide primers 
(DNA technology, Arhus, Denmark) and a 7-deaza- 
dGTP Thermo Sequenase cycle sequencing kit ( Amer- 
sham, Little Chalfont, UK). Sequences were read using 
an ALFexpress automated sequencer and ALFwin (v. 
1.10) software (Pharmacia Biotech, Uppsala, Sweden). 
In the case of plasmid-cloned material, sequences were 
determined from 10 individual clones from each PCR 
product. Sequencing of single-stranded PCR products 
was performed using products from four identical 
PCR reactions. 

DNA sequence alignment and probe 
sequence selection 

Sequence processing was done using computer software 
from DNASTAR (Madison, WI, USA). Alignments of 
mycobacteria 16S and 23S rDNA sequences, respec- 
tively, were done using the Megalign (v. 3.12) alignment 
tool. Up to one hundred sequences were aligned at a 
time (data not shown). For the alignment of mycobacte- 
ria 23S rDNA sequences, the sequences from M. intra- 
cellulare and M. bovis were obtained as described above. 

PNA probes that are complementary to distinctive 
mycobacteria rRNA sequences were designed with 
due regard to secondary structures. Probe sequences 
were optimized in this respect using the PrimerSelect 
(v. 3.04) programme (DNASTAR). As a control of 
sequence specificity, all probe sequences were subse- 
quently matched with the GenBank and EMBL data- 
bases using BLAST 14 sequence similarity searching at 
the National Centre for Biotechnology Information 
(http://www.ncbi.nlm.nih.gov). 

RESULTS 

Probes used for direct detection of mycobacteria were 
synthesized as fluorescein-labeiled PNA 15-mers of 
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DNA PNA 

Figure 1 Chemical structure of DNA and PNA: as indicated, the PNAs consist of a polyamide 
backbone of N-(2-aminoethyl) glycine units to which nucleobases are covalently attached. B indi- 
cates a nucleobase (adenine, cytosine, guanine or thymine). 



the structure shown in Figure 1. As indicated, the 
PNA counterpart of the sugar phosphate backbone of 
DNA and RNA is a polyamide formed by repetitive 
units of N-(2-aminoethyl)-glycine. Nucleobases are 
attached to this backbone to provide a molecular 
design that allows PNA to hybridize in a sequence- 
specific manner to complementary DNA or RNA 
sequences. By aligning the sequences of 23S and 16S 
rRNA from a number of mycobacterium species, 
rRNA sequences that are distinctive of M. tuberculo- 
sis and M. bovis, both members of the M. tuberculosis 
complex (MTC), were identified. Figure 2a shows an 
alignment of partial mycobacteria 23S rRNA 
sequences from the species indicated. The sequence of 
M. tuberculosis rRNA included in the Figure corre- 
sponds to position 3389-3419 of GenBank accession 
no. Z73902. Above the alignment is shown the anti- 
parallel hybridization of the fluorescein-labelled PNA 
probe, OK682, used for detection of mycobacteria of 
the M. tuberculosis complex. Figure 2b shows an align- 
ment of partial mycobacterium 16S rRNA sequences. 
Here, the sequence of M. avium corresponds to posi- 
tion 1101 to 1131 of GenBank accesssion no. 
M61673. The antiparallel hybridization of the fluo- 
rescein-labelled PNA probe, OK623, used for detec- 
tion of non-tuberculous mycobacterium species, is 
shown above the alignment. 



A BLAST sequence similarity search showed that 
the probe sequence of OK682 is not complementary to 
any published bacterial rRNA sequence, except those 
of M. tuberculosis and M. bovis, whereas the probe 
sequence of OK623 is complementary to published 
rRNA sequence of M. avium, M. intracellular, M. 
paratuberculosis, M. abscessus, M. kansasii, M. chelo- 
nae, M. malmoense, M. gastri, M. gordonae, M. szulgai, 
M. simiae, M. scrofulaceum, as well as rRNA sequences 
of Actinomyces species and Rickettsia species. 

Initially, the reactivity and specificity of the two 
probes were tested by the fluorescence in situ hybrid- 
ization method using smears of M. tuberculosis, M. 
bovis, M. avium, M. intracellular, and M. kansasii. 
From the results shown in Figure 3, it is apparent that 
M. tuberculosis and M. bovis, both members of the M. 
tuberculosis complex, were detectable after incubation 
with the fluorescein-labelled PNA probe, OK682. By 
contrast, neither M. avium, M. intracellular, nor M. 
kansasii were detected after incubation with the same 
probe. Instead, these three non-tuberculous mycobac- 
terium species could be detected using the fluorescein- 
labelled PNA probe, OK623. Neither M. tuberculosis 
nor M. bovis were detected with this probe. It is also 
apparent from Figure 3 that the detected cells of myco- 
bacteria retain their morphology. 

The results obtained using sputum from smear- 
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Figure 2 Alignments of mycobacterium rRNA sequences for probe detection: (A) Alignment of 
23 S rRNA sequences of M. tuberculosis (Z73902), M. bovis (own sequence), M. avium (X94494), 
M. intracellular (own sequence), M. paratuberculosis (X74495), M. phlei (X74493), M. kansasii 
(Z1 721 2), and M. smegmatis (Y08453). OK682 targeting the 23 S rRNA of M. tuberculosis and M. 
bovis was labelled with 5(6)-carboxyfluorescein (flu) at the e-aminogroup of lysine (lys). (B) Align- 
ment of 16 S rRNA sequences of M. tuberculosis (X52917) M. bows (M20940), M. avium 
(M61673), M. intracellular (X52927), M. paratuberculosis (M61680), M. scrofulaceum (X52924), 
M. kansasii (X1 59 1 6), and M. gastri (X529 1 9). OK623 targeting the 1 6 S rRNA of M. avium, M. 
intracellular, M. paratuberculosis, M. scrofulaceum, M. kansasii, and M. gastri is labelled with 
5(6)-carboxyf luorescein (flu) at the p-aminogroup of alanine (ala). GenBank accession numbers of 
previously published sequences are shown in brackets. 



positive cases of clinically suspected cases of M. tuber- 
culosis infection are shown in Figure 4. M. tuberculosis 
is clearly detectable in these clinical samples with min- 
imum background staining. 

DISCUSSION 

The discovery of PNA has raised a number of novel 
possibilities relating to molecular diagnostics. Some 
examples are illustrated in a range of reported molec- 
ular biology research applications. 15 " 23 Recent exam- 
ples include application of PNA probes for FISH-based 
detection of telomere sequences in metaphase and 
interphase chromosomes, 24 and for in situ-based 
detection of immunoglobulin kappa light chain mRNA 
in paraffin sections. 25 

We have shown the potential of short, labelled 
PNA oligomers as a powerful means of identifying 
different species of mycobacteria directly in smears of 
cultured bacteria and sputum samples by FTSH. The 
method presented here provides a combination of 
the high specificity offered by molecular techniques 
and the simplicity of direct microscopy. 

The conditions for hybridization and post-hybrid- 
ization wash are similar to those previously optimized 



for in situ hybridization using PNA probes, 25 with the 
exception of Triton X-100 included in both the hybrid- 
ization buffer and wash solution. The main difference 
between this PNA in situ hybridization protocol and 
traditional DNA in situ hybridization protocols is 1) 
low salt concentration — 10 mM NaCl (PNA hybrid- 
ization is known to be salt-independent); 26 2) shorter 
probes — 15-mer: the Tm of a 15-mer PNA probe, 
according to the literature, is expected to be in the 
range of 60-70°C; 27 3) high pH in the wash buffer 
(this is to avoid unspecific binding of the non-charged 
probe by deprotonation of the T-residues and fluores- 
cein); and 4) a non-labelled, non-target PNA probe is 
added to the hybridization solution instead of non- 
labelled, non-target DNA or RNA, i.e., yeast tRNA, 
in order to prevent unspecific binding of the specific 
probe. In addition, the high chemical stability of PNA 
probes suggests that PNA probes are stable in the 
hybridization buffer at working concentration. Indeed, 
such ready-to-use PNA solutions for in situ hybridiza- 
tion are now commercially available (EBER PNA, 
DAKO). 

Target amplification procedures for identification 
of M. tuberculosis in smear-positive sputum samples 
have recently been commercialized and approved by 
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Figure 3 Mycobacterium species: (A) M. tuberculosis (B) M. bovis (C) M. avium (D) M. intracellular (E) M. kansasii analysed with 
the PNA probe, OK 682, in a concentration of 1 00 nM. (F) M. tuberculosis (G) M. bovis (H) M. avium (I) M. mtracellulare (J) M. kansasn 
analysed with the PNA probe, OK 623, in a concentration of 25 nM (magnification: X1333). 



the US Food and Drug Administration. 28 ' 29 These 
tests require the use of costly chemicals and special- 
ized instrumentation, and are thus amenable for use 
in large, specialized TB laboratories rather than in 



small standard laboratories. 30 By contrast, a routine 
test using FISH for confirmation of smear-positive 
cases of tuberculosis may be applicable to a wider 
range of laboratories. 
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The fluorescence in situ hybridization method de- 
scribed in this study for direct detection of M. tuber- 
culosis in clinical specimens was designed for routine 
use in clinical microbiology laboratories. It can be 
conducted while retaining the morphology of the tar- 
get mycobacteria on both sputum smears and smears 
of cultured bacteria. This combination of signal and 
morphology is an important advantage of the present 
in situ hybridization method. Increased specificity as 
compared to current staining methods for AFB is 
achieved by targeting specific sequences of mycobacte- 
rial rRNA. Furthermore, the use of probes targeting 
rRNA makes direct detection possible without any am- 
plification steps, since each mycobacterium cell con- 
tains hundreds to thousands of rRNA molecules. 32 

Direct identification of M. tuberculosis in smear- 
positive sputum samples by PNA-based FISH com- 
bines the morphological advantages of current stain- 
ing methods with concomitant species identification. 
This will allow clinical microbiology laboratories to 
benefit from the advantages offered by molecular 
techniques to provide crucial information pertaining 
to treatment and patient management. 

Studies are being initiated to establish diagnostic 
sensitivity and specificity data for this new diagnos- 
tic method, and other PNA probes, including those 
targeting mycobacteria in the M. avium complex as 
well as other species, are being evaluated. 
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.RESU M E 



CADRE : Les sondes de peptides d'acide nucleique (PNA) 
conches pour la detection specifique des mycobacteries 
du complexe Mycobacterium tuberculosis (MTC) et 
d'autres especes de mycobacteries non tuberculeuses 
(NTM), respectivement, sont aptes a penetrer la paroi 
cellulaire mycobacterienne et ulterieurement de s'hybrider 
in situ avec la rRNA complementaire. 
OBJECTIF : Demontrer Putilisation de sondes PNA mar- 
quees a la fluoresceine pour la detection et l'identifica- 
tion de M. tuberculosis dans les echantillons d'expecto- 
rations a bacilloscopie positive. 

SCHEMA : La sensibilite et la specificite des sondes PNA 



ont ete investiguees par hybridation in situ en fluores- 
cence (FISH) en utilisant des cultures de souches myco- 
bacteriennes representant les especes des groupes MTC 
et NTM, respectivement. 

RESULTATS: M. tuberculosis a ete detecte par FISH uti- 
lisant des sondes PNA spedfiques marquees a la fluo- 
resceine, directement dans les echantillons d'expectorations 
a bacilloscopie positive, sans modifier la morphologie 
cellulaire. 

CONCLUSION : Les sondes PNA sont utilisables pour le 
diagnostic rapide de la tuberculose dans les cas a bacil- 
loscopie positive. 



.RESUMEN 



MARCO DE REFERENCIA: Las sondas de acido nucleico 
peptidico (PNA) disenadas para la detection espedfica 
del complejo Mycobacterium tuberculosis (MTC) y 
otras especies de micobacterias no tuberculosas (NTM), 
respectivamente, han demostrado ser capaces de pene- 
trar en la pared de la celula micobacteriana y posterior- 
mente hibridarse in situ al rRNA complementario. 
OBJETIVO : Demostrar el uso de las sondas de PNA mar- 
cadas con fluoresceina para la detection y la identification 
del M. tuberculosis en muestras positivas de esputo. 
METODO: Se investigaron la sensibilidad y la especifi- 



cidad de las sondas de PNA por la hibridization in situ 
en fluorescencia (FISH) empleando cultivos de micobac- 
terias del tipo MTC y NTM, respectivamente. 
RESULTADOS : Se detectaron M. tuberculosis por FISH, 
utilizando sondas de PNA marcadas con fluoresceina, di- 
rectamente en muestras de esputos positivos, sin cam- 
biar la morfologia de la celula. 

CONCLUSION: Las sondas de PNA permiten un diag- 
nostic rapido de tuberculosis en los casos con esputos 
positivos. 



